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Abstract of JP2003210998 

PROBLEM TO BE SOLVED: To provide a photocatalyst system developing prtctocatalytie effect by the 
irradiation with light of a visible light region (wavelength: 420 nm or more) or an infrared region 
(wavelength: 750 nm or more). 

SOLUTION: The photocatalyst system operated within a visible light/infrared region Is assembled by 
combining a photocatalyst using light of an ultraviolet region heretofore with an up-canversion material 
being a material for converting visible light/infrared rays to ultraviolet raysMsibte light. That is, the 
photocatalyst system comprises the photocatalyst and the up-conversion material. 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the photocatalyst system which has a photocatalyst 
effect by the exposure of visible light or infrared light in details more about a photocatalyst system. 
[0002] 

[Description of the Prior Art] In order to carry out the catalyst of the chemical reaction by making 
sunlight into an energy source, many photocatalyst materials are developed and the some are already 
put in practical use. The photocatalyst these-put in practical use is mainly using titanium oxide as the 
main ingredients, therefore mainly uses the ultraviolet radiation portion with low intensity among 
sunlight. Although the catalyst material which can use visible light with larger intensity in sunlight is 
also developed, they have toxicity and a fault of the material itself denaturalizing quickly working, and 
it has not resulted in utilization. The photocatalyst material which causes catalytic reaction by the 
optical exposure of an infrared light field has not been found out yet. 

[0003] In order to carry out the catalyst of the chemical reaction by making sunlight into an energy 
source in recent years, many photocatalyst materials are developed and there are titanium oxide, a 
cadmium sulfide, zinc sulfide, etc. in them ("catalyst chemicals with which light is concerned" 
chemicals total theory No.23, and edited by Chemical Society of Japan (1 994)). Among these, what 
used titanium oxide as the main ingredients is already put in practical use as an antibacterial tile, an 
odor removal filter, etc. (the newest photocatalyst art, N tea S (2000)). As for the wavelength of the 
light which the band gap is 3.0 - 3.2 eV, and can use titanium oxide, the ultraviolet radiation portion 
below about 400 nm has mainly become, Therefore, when using these practical use catalyst, the 
ultraviolet rays of a slight quantity contained in sunlight or a fluorescent lamp, the black light which 
takes out only ultraviolet rays, etc. are used. These days, there is still room in using the visible light 
whole region which occupies most portion of sunlight of that (1 997) by which the titanium oxide system 
photocatalyst in which this absorption end was prolonged to the 500 nm neighborhood of a light range 
is also developed (Yamashita, security, chemicals, and 52 and 74) as a result of various improvement. 
The band gap of a cadmium sulfide, zinc sulfide, etc. which are known as a catalyst with a visible 
optical response is about 2.4 eV, The light which can be used is as follows [ the about 550 wavelength 
nm ] , and, similarly has not come (as the photocatalyst with these visible optical responses was 
mentioned above, utilization is not carried out for degradation [ toxicity or use ] ) to use the whole 
region of visible light. [ the ] The catalyst which causes catalytic reaction in an infrared light field 
(wavelength, more than 750 nm) has not been found out yet. 

[0004] On the other hand, the rise conversion art of changing incident light into the outputted ray of 
short wavelength is known (Tanabe, Hirao, Toratani, solid physics, 27, and 186 (1992)). Using the 
energy level of the rare earth ions doped in a crystal or glass, it can be visible, or can change into 
ultraviolet radiation, the photon of two or more long wavelength can participate near-infrared excitation 
light in excitation efficiently, and this can emit a visible or ultraviolet cay light of short wavelength. The 
rise conversion material of various combination is developed from such a viewpoint (JP 2000- 
339735,A, JP,9-208947,A, JP,9-86958,A, JP,7-162062,A, etc.). 
[0005] 

[Problem(s) to be Solved by the Invention] An object of this invention is to provide the catalyst system 
which has a photocatalyst effect by the exposure of the light of a light range (wavelength, more than 
420 nm) or an infrared light field (wavelength, more than 750 nm). This invention is the infrared light 
field which was not used the light range where intensity is higher, and until now, and enables it to use 
stably and safely the photocatalyst which was using conventionally the light of the ultraviolet region 
where intensity is low among sunlight. 

[0006] 

[Means for Solving the Problem] . In this invention, it is already used in a partial area of ultraviolet 
radiation and visible light, and the performance in use is established. Or a photocatalytic system which 
operates a photocatalyst in which it turns out that high performance is shown in a partial area of visible 
light near ultraviolet radiation and ultraviolet radiation in visible and an infrared light field combining 
rise conversion material which is the material which changes visible and infrared light into ultraviolet 
and visible light according to a multiphoton process was assembled. 
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[0007] That is, this invention is a photocatalyst system which comprises a photocatalyst and rise 
conversion material. This photocatalyst Titanium oxide, strontium titanate, metal salt of tantalic acid, It 
is what uses as the main ingredients at least one sort chosen from tantalum oxide, zirconium oxide, 
and a group that comprises metal salt of niobic acid, It is preferred for this rise conversion material to 
use as the main ingredients at least one sort chosen from a group which comprises aluminum fluoride 
and indium fluoridation, zinc fluoride, a germanium dioxide, and tellurium oxide, and to make this 
contain a rare earth element. This photocatalyst may also contain a co-catalyst further. 

[0008] 

[Embodiment of the Invention] The photocatalyst used by this invention is a material which carries out 
the catalyst of the chemical reaction on the surface by irradiating with light, Titanium oxide, strontium 
titanate, the potassium of tantalic acid, sodium, It is salts, such as salts, such as barium, tantalum 
oxide, zirconium oxide, potassium of niobic acid, and a rubidium, and co-catalysts (Pt, Ru0 2 , Rh, NiO x 
(x expresses the number which becomes settled in the valence of nickel.), Ce0 2 , etc.) may be added 
to this. As this catalyst, titanium oxide is preferred, and Pt is preferred as a co-catalyst. Although the 
ratio of the co-catalyst to a photocatalyst should just be the usual catalyst amount, 0.1 to 1 .0 % of the 
weight is preferred. 

[0009] Rise conversion material is the material which will emit the light of wavelength shorter than 
incident light according to a multiphoton process if this is excited by light, The AIF 3 system which uses 
aluminum fluoride as the main ingredients, the lnF 3 system which uses indium fluoridation as the main 
ingredients, The ZnF 2 system which uses zinc fluoride as the main ingredients, the Ge0 2 system 
which uses a germanium dioxide as the main ingredients, Tellurium oxide on glass, such as a Te0 2 
system used as the main ingredients, Eu, Rare earth elements, such as Ho, Er, and Tm, are made to 
contain. For example (49-y), AIF 3 , yAIP0 4 , 1EuF 3 , 30CaF 2 , and 20BaF 2 (y= 0-20), 40AIF 3 , 22CaF 2 , 
22BaF 2 , 15YF 3 and 1 ErF 3 , 40AIF 3 , 22CaF 2 , 22BaF 2 , 15YF 3 and 1TmF 3 , 99.9 (38lnF 3 , 19BaF 2 and 
19ZnF 2 , 10PbF 2 , 10SrF 2 , 2AIF 3l and 2GdF 3 ) and 0.1TmF 3 , 99.9 (38lnF 3 , 18BaF 2 , 19ZnF 2 and 10PbF 2 , 
9SrF 2 , 2 AIF 3 , 2 GdF 3 , and 2 YbF 3 ) and 0.1TmF 3 , 99.9 (40ZnF 2 , 15AIF 3 and 15BaF 2 , 15SrF 2 , and 
15YF 3 ) and 0.1TmF 3 , 99.9 (60ZrF 4 , 33BaF 2 , and 7LaF 3 ) and 0.1TmF 3 , 99.9(60GeO 2 , 30BaO, and 
10ZnO) and0.1TmO 15 , 99.9(60TeO 2 , 30BaO, and 10ZnO) andO.ITmO, 5, 95 (38ln F 3 , 19BaF 2 and 
19ZnF 2 , 10PbF 2 , 10SrF 2 , 2 AIF 3 , and 2 GdF 3 ) and 5EuF 3 , 95 (38lnF 3 , 18BaF 2 , 19ZnF 2 and 10PbF 2 , 
9SrF 2 , 2 AIF 3 , 2GdF 3 , and 2YbF 3 ) and 5EuF 3 . 95 (40ZnF 2 , 15AIF 3 and 15BaF 2 , 15SrF 2 , and 15YF 3 ) 
and 5EuF 3 , 95 (60ZrF 4 , 33BaF 2 , and 7LaF 3 ) and 5EuF 3 , 95(60GeO 2 , 30BaO, and 10ZnO) and5EuOi 5 , 
95(60TeO 2 , 30BaO, and 10ZnO), 5EUO! 5 , etc. are mentioned (Tanabe, Hirao, Toratani, solid physics 
27, and 186 (1992)). 

[0010] the content ratio of a rare earth element [ on rise conversion material and as opposed to glass, 
such as an AIF 3 system, an lnF 3 system, a ZnF 2 system, a Ge0 2 system, or a Te0 2 system, ] -- 0.01- 
50-mol % -- it is 0.1-10-mol % preferably, although the weight ratio of rise conversion material to a 
photocatalyst does not have restriction in particular -- desirable - 0.1-10 - it is 0.5-2.0 more 
preferably. 

[001 1] The role of the rise conversion material in this invention absorbs the light (visible light and 
infrared light of long wavelength) of the low energy which cannot be exploited with the photocatalyst 
material itself, changes it into energy-rich ultraviolet radiation or the visible light of short wavelength, 
and emits light in this. For this reason, inside rise conversion material, 2 or 3 photons of the visible 
light of low energy or infrared light are absorbed, and one photon of high energy is emitted more. A 
photocatalyst completes a photocatalysis in response to ultraviolet [ from this rise conversion material ] 
, or visible photoluminescence in the photocatalyst system of this invention. 

[0012] In the photocatalyst system of this invention, a photocatalyst material and the rise conversion 
material should just be in the structure and physical relationship which can exchange light, and both 
may take powder, colloid, a thin film, and what kind of other shape. Such a system can be constituted 
as follows, for example. 

1) Atomize a catalyst material and each rise conversion material, mix, and use as a photocatalyst 
material as it is (the method of atomization and mixing is not asked.). 

2) Make a photocatalyst material and rise conversion material both suspended to solvents, such as 
water, and use as a photocatalyst (the kind of solvent and the method of suspension are not asked.). 

3) Distribute another side using a sol gel process etc. in the material matrix of either a photocatalyst 
material or rise conversion material (the method of distribution is not asked.). 

4) Distribute and support the particles of another side on the surface of either a photocatalyst material 
or rise conversion material (the method of distribution and support is not asked.). 
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[0013] When rise conversion material is atomized, the excitation light enhancement by particle laser 
oscillation may take place, and the effect over the performance of the photocatalytic system of this is 
also included in this invention concept. Namely, when rise conversion material is atomized, The case 
where the enhancement spontaneous emmision or laser oscillation in which luminescence intensity 
increases by what is called optical Anderson localization happens is known, and when this occurs, 
luminescence of intensity higher than mere rise conversion can be obtained. 

[0014] 

[Effect of the Invention] By this invention, the photocatalyst which only the ultraviolet radiation whose 
intensity in sunlight is low until now has used can also use now visible light with larger intensity. It is 
expected that the infrared light (synchrotron radiation from sunlight, a high temperature furnace, etc.) 
which did not have use assumed as an energy source of a photocatalyst chemical reaction until now 
can also be used now. The following application can be considered in the photocatalyst system of this 
invention. 

1 ) Make the photocatalyses (for example, prevention of removal of air pollution substances, such as 
disassembly of water, decomposition removal of an underwater organic pollutant, and nitrogen oxides 
(NO x etc.), an offensive odor, bacteria, contamination, etc., etc., etc.) which used ultraviolet radiation 
conventionally perform using visible light or infrared light. 

2) Use as materials (for example, photocatalyst building materials etc. which have functions, such as a 
photocatalyst, wastewater cleaning material, air cleaning material, deodorization, antibacterial 
properties, antifouling) for making the above-mentioned reaction of 1 cause. 

3) Use as an electrode material of a solar cell. 
[0015] 

[Example] Hereafter, although this invention is illustrated in the example, it does not mean limiting this 
invention. 

In example 1 this example, the catalysis of the photocatalyst system of this invention in the nitrogen- 
oxides removal reaction in the atmosphere was investigated using various light sources.As a 
photocatalyst, the titanium oxide (Ti0 2 ) powder which hydrolyzed, and prepared and obtained titanic 
acid isopropoxide was used. As a rise conversion material, the thulium content aluminum fluoride 
system glass (40AIF 3 , 22CaF 2 , 22BaF 2 , 15YF 3 and 1TmF 3 ) powder which carried out melting mixing, 
prepared each ingredient, and obtained it was used.lt is a square-shaped coil made from quartz (the 
cross-section area of 1 cm) about what mixed each such photocatalyst powder and 0.1 g of powder of 
rise conversion material. [ and ] It installed in a pars basilaris ossis occipitalis 10 cm in length, and 
the air which contains 1 ppm of nitric oxide (NO) in this at a room temperature was circulated by 0.2-I./, 
from the coil upper part, it irradiated with 200W xenon lamp light, and the wavelength selection filter 
was suitably installed between this coil and a xenon lamp. Arrangement of each device in this 
examination is shown in drawing 1 . 

[0016] When it irradiates with a xenon lamp without using (2) filters, when not applying light at all as 
(1) control (it expresses "with no irradiation light".) (it expresses "a front light exposure".), an 
examination as (3) filters, 580 - nm ~ less than - light - transmissivity - zero - % -- it is -- and -- 630 
- nm - more than -- light - transmissivity - 92 - % - it is -- a sharp cut filter - letting it pass - a 
xenon lamp - light -- having glared - a case (it expresses "the filter 1".) - and - (-- four -) - a filter ~ 
****** The transmissivity of light of 720 nm or less is 0%, and it carried out by being four kinds when 
the transmissivity of not less than 820-nm light irradiates with xenon lamp light through the sharp cut 
filter which is 90% (it expresses "the filter 2".). It measured by infrared absorption spectrometry by 
making the decrement of NO after an examination into conversion. 

[0017] It measured like Example 1 except not using comparative example 1 rise conversion 
material.The measurement result of Example 1 and the comparative example 1 is shown in Table 1 . 
[Table 1] 
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[0018] In the comparative example 1, under an ultraviolet radiation exposure, a test reaction advances 
only with a photocatalyst (Ti0 2 ) (even if there is no rise conversion material), but by visible light or 
infrared light, it does not react at all. However, when rise conversion material was made to coexist with 
a photocatalyst in Example 1, the reaction of ultraviolet radiation advanced [ visible light or infrared 
light ] from the first. 

[0019] In example 2 this example, the catalysis of the photocatalyst system of this invention in the 
decomposition reaction of the water which uses methanol as a sacrifice reagent was investigated 
using the same various light sources as Example 1.As a photocatalyst, the platinum support titanium 
oxide (Pt/Ti0 2 ) powder which carried out impregnating support and prepared platinum salts to titanium 
oxide of Example 1 was used. As a rise conversion material, Thulium content fluoridation indium 
system glass (38lnF 3 , 19BaF 2 , 19ZnF 2 and 10PbF 3 and 10SrF 2 , 2AIF 3 , 2GdF 3 and 2ZnF 2 , and 
0.1TmF 3 ) powder. Melting mixing was carried out, and each ingredient was prepared, and was used. 
Such photocatalyst powder and 1 g of powder of rise conversion material were made suspended each 
in reaction mixture (methanol 10% solution), it irradiated there with xenon lamp light like Example 1, 
and the quantity of the hydrogen to generate was measured by gas chromatography. 

[0020] It measured like Example 2 except not using comparative example 2 rise conversion 
material.The measurement result of Example 2 and the comparative example 2 is shown in Table 2. 
[Table 2] 
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In the comparative example 2, under an ultraviolet radiation exposure, a test reaction advances only 
with a photocatalyst (Pt/Ti0 2 ) (even if there is no rise conversion material), but by visible light or 
infrared light, it does not react at all. However, in Example 2, when rise conversion material was made 
to live together in a photocatalyst, the reaction of ultraviolet radiation advanced [ visible light or infrared 
light ] from the first. 



[Claim 1] A photocatalyst system which comprises a photocatalyst and rise conversion material. 
[Claim 2] Said photocatalyst Titanium oxide, strontium titanate, metal salt of tantalic acid, It is what 
uses as the main ingredients at least one sort chosen from tantalum oxide, zirconium oxide, and a 
group that comprises metal salt of niobic acid, The photocatalyst system according to claim 1 which 
said rise conversion material used [ photocatalyst system ] as the main ingredients at least one sort 
chosen from a group which comprises aluminum fluoride and indium fluoridation, zinc fluoride, a 
germanium dioxide, and tellurium oxide, and made this contain a rare earth element. 

[Claim 3] The photocatalyst system according to claim 2 whose metal salt of said niobic acid metal salt 
of said tantalic acid is a salt of potassium of tantalic acid, sodium, or barium, and is potassium of 
niobic acid, or a salt of a rubidium. 

[Claim 4] The photocatalyst system according to claim 2 or 3 in which said rare earth element is Eu, 
Ho, Er, orTm. 

[Claim 5] The photocatalyst system according to any one of claims 1 to 4 with which said photocatalyst 
contains a co-cataiyst further. 

[Claim 6] The photocatalyst system according to claim 5 in which said co-catalyst is Pt, Ru0 2 , Rh, 
NiO x , or Ce0 2 . 
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